Introduction
Abnormal lipid levels in fasting subjects are associated with atherosclerosis [1, 2] . We do, however, spend most of our lives in a postprandial state, between the consumption of regular meals. In the postprandial state, our vessel walls are exposed to triglyceride (TG)-rich dietary lipoproteins and the magnitude of postprandial triglyceridemia is associated with cardiovascular disease [3] . Remnants of postprandial lipoproteins are shown to rapidly penetrate arterial tissue and accumulate in the subendothelial space, showing that atherosclerosis is in . 543 .
Tel: +86-21-5492-2824; Fax: +86-21-5492-2825; Shanghai, China part a postprandial phenomenon [4] . Men have a higher incidence of cardiovascular disease (CVD) than women in the same age group, and they have a less favourable lipid profile than women, with higher levels of TGs and lower levels of high density lipoprotein (HDL) cholesterol [5] . Therefore, it has been suggested that testosterone might influence the development of CVD [6] . However, most cross-sectional studies in fasting men show a negative association between endogenous total testosterone and TG [7] and a positive association between endogenous total testosterone and HDL cholesterol [8] . Low endogenous testosterone levels are also associated with atherosclerosis [9] [10] [11] . However, so far no relation between endogenous testosterone and cardiovascular events has been reported [6] .
Recently, epidemiological data from the Tromsø study showed increased non-fasting TG during the day in men with lower total testosterone compared to men with higher total testosterone [12] . To further investigate the relationship between endogenous testosterone and postprandial TG levels, we performed a case-control study in elderly men with subnormal and normal total testosterone to compare postprandial TG levels after intake of a standard oral fat load.
Materials and methods

Participants
A sub-group of men participating in the study "Older Men and Testosterone", which will be presented in a separate publication, were included in this study. Briefly, based on total testosterone levels from the fifth survey of the Tromsø study in 2001 [12] , men aged 60-80 years in 2005 were asked to participate in a study with the objective of evaluating subnormal testosterone levels in a variety of aspects. Men with persistent subnormal testosterone (≤ 11.0 nmol/L) or normal testosterone (> 11.0 nmol/L) in both 2001 and 2005 were included in the study. In this sub-study, 37 men with persistent subnormal testosterone and 41 men with persistent normal testosterone accepted to participate in a fat-tolerance test with the objective of investigating postprandial TG-rich lipoproteins.
The Regional Committee for Research and Ethics approved the study, and all participants gave written, informed consent.
Methods
The study was performed at the Clinical Research Unit at the University Hospital of North Norway. A physical examination and a complete medical history, including the use of prescription medication, were conducted. Height, weight and waist circumference were measured with the participants in light clothing without shoes and body mass index (BMI) as weight per height squared (kg/m 2 ) was calculated. Blood pressure was measured while the subject was in a seated position using an automatic device (Propaq 102 El, Protocol Systems, Beaverton, Oregon, USA), three recordings at 1 min intervals were conducted, and the mean of the last two values was used in this report. Baseline blood samples were drawn in the morning at 07:45 hours from an antecubital vein on the right arm after 12 h overnight fasting, using an 18-gauge needle in a vacutainer system with minimal stasis. Serum was prepared by clotting whole blood in a glass tube at room temperature for 30 min, centrifuged at 2 000 × g for 15 min at 20ºC, and then analyzed using standard laboratory procedures at the Department of Clinical Chemistry, University Hospital of North Norway, Tromsø, Norway. Total testosterone was measured by electrochemical luminescence immunoassay on Modular Analytics SWA (F. Hoffmann-La Roche, Basel, Switzerland). The intra-assay and inter-assay coefficients of variance (CV) for testosterone were 4.6% and 5.9%, respectively. Sex hormone-binding globulin (SHBG) was analyzed by chemoluminescence immunoassay on Immulite 2000 (Diagnostic Product, Los Angeles, CA, USA). The intra-assay and inter-assay CV for SHBG were 3.4% and 6.8%, respectively. Free testosterone was calculated from total testosterone and sex hormone-binding globulin (SHBG) according to Vermeulen et al. [13] .
Fat-tolerance test
A fat-tolerance test was conducted using a test meal prepared from standard porridge cream containing 70% calories of fat, of which 66% was saturated fat, 32% was monounsaturated fat and 2% was polyunsaturated fat [14] . A freshly prepared test meal was served with two teaspoons of sugar, cinnamon and two glasses (150 mL) of sugar-free juice. The participants were served a weightadjusted meal (1 g fat per kg body weight) at 08:00 hours and the meal was consumed within a 15-min period. The participants were allowed a 500-mL calorie-free beverage and one apple during the following 8 h. Blood samples for isolation of chylomicrons and serum were collected before the meal and every second hour over the next 8 h.
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Isolation of chylomicrons
Chylomicrons were isolated by overlayering 8 mL EDTA plasma with 5 mL of NaCl gradient (density 1 006 kg/L NaCl solution with 0.01% EDTA) in a nitrate cellulose tube (Beckman Instruments, Palo Alto, CA, USA) and centrifuged in a Beckman SW40 Ti swinging bucket rotator at 20 000 × g for 1 h at 20ºC. The chylomicrons were carefully removed by aspiration, divided into three aliquots in cryovials and frozen at -70ºC until further analysis.
Serum lipid measurements
Serum lipids were analyzed on an ABX Pentra 400 (Horiba ABX Diagnostics, Montpellier, France) with reagents from Horiba ABX Diagnostics (Montpellier, France). Total cholesterol (CHOD-PAP) was measured using an enzymatic photometric method and TG (GPO-PAP) was measured using an enzymatic colorimetric method. Low-density lipoprotein cholesterol and HDL cholesterol were measured directly using selective inhibition colorimetric assays (Horiba ABX Diagnostics, Montpellier, France).
Lipoprotein lipase and hepatic lipase activity
Eight hours after ingestion of the test meal, blood was drawn into lithium heparin vacutainers (BD Vacutainer Systems, Belliver Industrial Estate, Plymouth, UK) containing heparin as anticoagulant and the heparinised blood was immediately placed on ice. Unfractionated heparin was given as a bolus injection (100 IU/kg body weight) on the contra lateral arm to mobilize lipoprotein lipase (LPL) and hepatic lipase (HL) from the endothelial surface into the circulation. A second blood sample was collected exactly 15 min after heparin administration and immediately placed on ice. Heparinised plasma was recovered within 30 min by centrifugation at 2 000 × g for 15 min at 4ºC, divided into aliquots of 0.5 mL in cryovials and frozen until further analysis.
Lipoprotein lipase activity and HL activity were determined as described by Olivecrona et al. [15] . In short, sonicated emulsion of ³H-oleic labeled triolein acid in 10% Intralipid (Fresenius Kabi, Halden, Norway) was used as substrate in the LPL cholesterol assay. Samples were preincubated for 2 h on ice with 0.5 volume goat antibodies to HL to suppress HL activity. For determination of HL activity, sonicated emulsion of ³H-oleic labeled triolein acid was used as substrate. Samples were mixed with 5 mol/L NaCl acid and 10% bovine serum albumin to suppress LPL activity and to remove free fatty acids. LPL activity and HL activity are expressed in mU/mL corresponding to nmol of fatty acids released per mL/min. The samples were quantified in duplicate and postheparin plasma from pooled normal control people were used to correct for inter-assay variation. Intra-assay and interassay CV for post-heparin LPL activity were 1.9% and 9.3% respectively, and 1.9% and 7.5%, respectively, for HL activity.
Statistics
Postprandial hypertriglyceridemia was assessed by total area under the curve (AUC), incremental AUC (AUCi) and triglyceride response (TGR), defined as the average of the two highest postprandial TG concentrations minus baseline concentrations, for serum-TG and chylomicron-TG. Normal distribution was evaluated by determination of skewness and histograms. AUC, AUCi and TGR for serum-TG and chylomicron-TG and LPL and HL activity were not normally distributed and, therefore, natural logarithmically transformed. After the logarithmic transformation they were considered normally distributed. Differences between the groups were assessed using independent-samples t-tests. General linear models for univariate analyses of variance were used for adjustments. Multiple linear regression models were used to assess independent predictors of AUC, AUCi and TGR for serum-TG and chylomicron-TG. All analyses were performed using SPSS for windows software (version 13.0, Chicago, IL, USA). All statistical tests were two-tailed, with statistical significance defined as P < 0.05.
Results
Characteristics of the participants are shown in Table 1 . As expected, men with subnormal testosterone levels also had lower free testosterone levels. In addition, SHBG was significantly lower in the men with subnormal testosterone levels. There were no significant differences between men with subnormal testosterone and men with normal testosterone with regard to age, fasting serum lipids, systolic blood pressure, diastolic blood pressure, smoking status or self-reported history of CVD. Men with subnormal testosterone had significantly higher BMI (30.5 vs. 26.1 kg/m 2 , P < 0.001) and waist circumference (109 vs. 95 cm, P < 0.001), and reported a higher use of statins (P < 0.001).
. 545 . Serum-TG and chylomicron-TG before and every second hour after ingestion of a standard fat meal are shown in Figure 1 . Table 2 shows that men with subnormal testosterone had significantly higher AUC (P = 0.037), AUCi (P = 0.035) and TGR (P = 0.014) for serum-TG and significantly higher AUC (P = 0.023), AUCi (P = 0.023) and TGR (P = 0.014) for chylomi- cron-TG compared to men with normal testosterone levels. After adjusting for waist circumference the differences between the groups were no longer significant. There was no difference between the groups in preheparin or postheparin levels of LPL and HL activity (Table 2 ). However, after adjusting for waist circumference, postheparin LPL activity was significantly higher . 546 .
Testosterone and triglycerides
http://www.asiaandro.com; aja@sibs.ac.cn Table 3 . Multiple regression analyses with natural logarithmically transformed serum-triglyceride (TG) and chylomicron-TG levels by area under the curve (AUC), incremental area under the curve (AUCi) and triglyceride response (TGR) as dependent variables. β, standardized beta coefficient; R², the coefficient of determination; Ln, natural logarithm; LPL, lipoprotein lipase. in men with subnormal testosterone (P = 0.012).
In multiple linear regression analyses (Table 3) , fasting TG, postheparin LPL activity and waist circumference were independent predictors of AUC, AUCi and TGR for serum-TG and of AUC and AUCi for chylomicron-TG. Fasting TG and postheparin LPL were independent predictors of TGR for chylomicron-TG. Total testosterone and SHBG (data not shown) were inversely . 547 .
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Discussion
In this case-control study of 78 elderly men, we found that men with subnormal testosterone had significantly higher postprandial concentrations of TRL than men with normal testosterone. In addition, total testosterone was negatively associated with postprandial concentrations of TRL. Our results are unchallenged as we have not found any previously reported fat-tolerance tests performed in men with subnormal testosterone. However, in a study by Hislop et al. [16] , postprandial TGs were reduced after a standard fatty meal in body builders using high dose androgens compared to controls not using androgens. In addition, cross-sectional data on elderly men from Tromsø, showed that low testosterone levels were associated with higher non-fasting TG levels, suggesting that testosterone may influence the TG metabolism [12] . Finally, other epidemiological studies in both middle-aged and older men have also reported an inverse relationship between total testosterone and fasting TG [7, 17, 18] .
In our study, men with subnormal testosterone had increased waist circumference compared to men with normal testosterone. Waist circumference was positively associated with postprandial TGs and identified as an independent predictor of postprandial TG levels. Our results are supported by previous studies showing that both increased BMI and visceral adipose tissue are associated with increased postprandial TRL [19, 20] . Adjusting for abdominal obesity, as measured by waist circumference, erased the significant differences in postprandial TGs between the groups. These findings suggest that there are interrelations between low testosterone, postprandial TG concentrations and body fat distribution, but our study design is not suitable for determining the causal relations between these factors. It has been suggested that age-related decline in testosterone might be responsible for the changes in body fat and body fat distribution seen in elderly men [21] . This is supported by the observation that men with low testosterone have increased abdominal obesity [22] and that low-dose androgen treatment decreases abdominal fat mass in both younger and older men, regardless of cause of the decreased testosterone level [23] . In addition, in a 12-year follow-up study, lower levels of testosterone was predictive of central obesity [24] . In contrast, others have suggested that obesity plays a causal role in the decline of total and free testosterone [25] , and that weight loss in younger obese individuals is reported to partially reverse low testosterone levels [26] . A recent publication from the Rancho Bernardo cohort also reports that weight loss in older men during a 10-year-period was associated with higher testosterone levels, whereas weight gain was associated with lower testosterone levels [27] .
Lipoprotein lipase hydrolyses TG in circulating TRL [28] , thereby removing TG from the bloodstream and supplying underlying tissues with free fatty acids [29] . In abdominally obese men, supplementation with testosterone decreases LPL activity [30, 31] and inhibits uptake of fatty acids in subcutaneous abdominal adipocytes [30] , thereby inhibiting abdominal obesity. Therefore, reduced inhibition of LPL activity in abdominal adipocytes in men with low testosterone might partly explain their abdominal obesity. In our study, endothelial-associated LPL, mobilized into circulation by heparin administration, was not different between groups in crude analysis, but significantly higher in men with subnormal testosterone after adjustment for waist circumference. Therefore, our findings support previous studies showing an inhibitory effect of testosterone on LPL activity [30, 31] .
Endothelial-associated LPL in the capillary bed plays a pivotal role in the metabolism of postprandial TRL [32] . Deficiency of LPL or its cofactor apoCII is known to induce accumulation of chylomicrons in plasma, suggesting that triglyceride hydrolysis is important for clearance of these particles [33, 34] . In agreement with previous studies [35] , postheparin LPL activity was found to be an inverse and independent predictor of the magnitude of postprandial hyperlipidemia in our study.
Statin treatment is known to reduce postprandial triglyceridemia [36] in a dose dependent manner by 5%-30% [37] . In our study, 41% of the men with subnormal testosterone used statins compared to 7% of the men with normal testosterone. Therefore, it is likely that the actual increase and delayed clearance of postprandial TRL in men with subnormal testosterone is even more pronounced. Because cholesterol is the precursor of steroid hormones, it has been suggested that use of statins might influence steroidogenesis, including gonadal ste-http://www.asiaandro.com; aja@sibs.ac.cn roids production [38] . Previous studies have reported that statin treatment has a neutral effect on [39] or causes only a modest reduction in [40] testosterone. However, the clinical relevance of statin treatment on testosterone metabolism remains to be settled.
Increased and delayed postprandial hyperlipidemia have been reported to be strong predictors of coronary artery disease (CAD), verified by angiography in middleaged men with severe disease [41, 42] . Furthermore, patients with CAD have increased levels and delayed elimination of postprandial TRL [42] , and the plasma concentrations of postprandial remnants have been related to the progression of coronary lesions [41] . Postprandial TRL are able to penetrate and retain in the arterial wall [4] , followed by uptake into macrophages to form foam cells [43] . Therefore, increased postprandial TRL in men with subnormal testosterone might represent an additional unfavorable lipid disturbance that might promote development of atherosclerosis.
In summary, in this case-control study, men with subnormal testosterone had increased postprandial concentrations of TRL compared to men with normal testosterone. Increased postprandial TRL might promote atherosclerosis and constitute a risk factor of cardiovascular disease in these men. Adjustment for waist circumference erased the differences in postprandial TRL between groups. Our study design is, however, not suitable in settling the causal relations between testosterone, abdominal obesity and postprandial TRL and intervention studies with testosterone to men with subnormal testosterone are warranted.
